Abstract: Buerger's disease (BD) is an episodic, inflammatory, and occlusive peripheral vascular disease with unknown etiology, which can lead to tissue or limb loss. BD patients usually present neurological symptoms from the early stages of the disease including numbness, cold sensation, and allodynia as the disease progresses. Pain in the late stages of BD is very severe, almost resistant to opioid pain killers, and sometimes compels the patient to pursue major amputation. Therefore, pain management in BD patients is one of the most important and, at the same time, challenging issues since its main etiology is not well understood. Recently, a 39-year-old male smoker with a diagnosis of BD underwent a belowknee amputation in his left leg. Oddly, we found that the vasa-nervorum of the sural nerve had the pathological changes usually observed in BD, including inflammation and proliferation of endothelial cells. Notably, the inflammation was limited to the vasa-nervorum and did not extend to the nerve fascicles. Our findings could provide a clue to taking the approach of managing pain in BD as if it were vasculitis neuropathy; and the inflammation of the vasanervorum individually might be responsible for the pain characteristic of BD. In addition, our findings could indicate that BD is a systemic vasculitis of microcirculation and, hence, a different treatment approach for BD might be needed in addition to antithrombotic and vasodilator.
Introduction
Buerger's disease (BD) is an episodic, inflammatory, and occlusive peripheral vascular disease with unknown etiology that can lead to tissue or limb loss. BD is usually diagnosed in young, male smokers. 1 The most disturbing manifestation of BD for patients is pain. The pain in BD is a usually asymmetrical and localized burning pain of the toes that does not respond to routine pain killers. 2 With progression of the disease, the pain becomes very severe and sometimes compels the patient to pursue major amputation. Therefore, pain management in BD patients is one of the most important and, at the same time, challenging issues, since its main etiology is not well understood.
We present a case of BD in which the patient underwent a below-knee amputation in his left leg. The written informed consent has been provided by the patient to have the case details and any accompanying images published and got an ethical code from Mashhad University of Medical Sciences (Ethical code: MUMS-941028). In the biopsy obtained from the sural nerve of the amputated limb, the vascular pathological changes in BD were observed in the vasa nervorum of the 
Case presentation
A 39-year-old Caucasian man reported in January 2018 complaining of experiencing burning pain at night in the first and second toes of his left foot. His past medical history included a history of cold sensitivity, foot claudication, and thrombophlebitis migrans for the 2 years prior to consulting with us. The patient was and had been a heavy smoker (two packs of cigarettes per day) for 23 years. Upon physical examination, the left foot was colder than the right foot, and the left forefoot looked slightly oedematous, with a purple color. Also, superficial thrombophlebitis was observed on the left calf ( Figure 1A,B) . The pulses of the dorsalis pedis (DP) and tibialis posterior (TP) of both feet were absent. The popliteal pulses of both sides were also absent. The femoral pulses were intact.
The laboratory tests revealed that he had normal fasting blood sugar and a normal lipid profile. The autoantibodies profile, including FANA, dsDNA, anti-phospholipid Ab (IgM, IgG), anti-cardiolipin Ab (IgM, IgG), and antiBeta2Glyco (IgM, IgG), were evaluated and were within normal ranges.
The patient underwent computed tomography (CT) angiography of his left limb ( Figure 2 ). In the CT angiography, normal aorto-iliac and iliofemoral appearance were reported. However, a cutoff in the superficial femoral and a runoff in the middle and distal parts of the posterior tibial arteries (skip lesion) were observed. The patient was prescribed 100 mg (mg) of cilostazol twice per day, with aspirin 81 mg daily, in addition to 75 mg of pregabalin twice per day. The patient was strongly encouraged to pursue smoking cessation.
In late January 2018, the patient reported again with gangrene and an ulcer of the left big toe, along with burning pain at rest ( Figure 1C ). The patient was admitted, and, for 2 weeks, he received Prostavasin. However, the toe gangrene having progressed, he underwent left toe amputation.
In March 2018, the patient reported again with a chief complaint of severe pain at rest of the left foot after his ankle blunt trauma. He was recommended for below-knee amputation after his cold and cyanotic foot was observed ( Figure 1D ). The patient refused amputation. Thus, he continued taking cilostazol and oral antibiotics, including clindamycin 500 mg and ofloxacin 300 mg along with a spray containing silver nanoparticles, which was added to his treatment for the management of the ulcer. He also stopped smoking completely, according to self-report. After a week, the color of the foot changed to purple, and the foot became warmer ( Figure 1E ). The pain also diminished, but for only 3 days. The gangrene started to progress ( Figure 1F ), but was limited to the derma of the forefoot skin ( Figure 1G ). Finally, in late May 2018, the patient underwent a left below-knee amputation.
In the pathology study of the amputated leg, suppurative necrosis of the skin of the dorsal foot at the site of the amputation and at the first toe and third toe was reported. However, the necrosis was limited to the derma, whilst the infiltration of inflammatory cells was observed in the hypoderma and the connective tissue. Both acute and chronic inflammation in the thrombus and the layers of the vessel walls were observed (Figure 3 ). Perineural fibrosis was also reported. Notably, in the microscopic examination of the stump of the below-knee amputation, dilated arteries and arterioles were observed, a few of which had thrombosis inside. All factors being considered, the pathology report recommended a diagnosis of BD.
In the biopsy obtained from the sural nerve of the amputated limb, we found inflammation and also endothelial cell proliferation of the vasa nervorum without any inflammation in the fascicles of the sural nerve (Figure 4 ).
Discussion
BD patients usually present neurological symptoms from the early stages of the disease, including numbness, cold sensation, and allodynia as the disease progresses. 3 Foot claudication during the second stage of the disease usually manifests as paraesthesia and tingling instead of a cramping pain. 3 In the third stage of the disease, patients usually suffer from circadian rhythmic burning pain in the toes or fingers that begins late at night and ceases in the early morning. 2 During this stage, among the patients who have intermittent claudication, 17% complain of burning pain instead of cramping after activity. 3 Patients tend to bend their knees to diminish this pain. In the fourth stage of the disease, patients are usually reported to have burning pain at rest, with or without gangrene. Notably, the smoking habit influences all of the neurological symptoms of BD patients. 3 Pain in the late stages of BD is very severe, almost resistant to opioid pain killers, and sometimes compels the patient to pursue major amputation. Therefore, pain management in BD patients is one of the most important and, at the same time, challenging issues, since its main etiology is not well understood.
Recently, inflammation and infiltration of neutrophils and lymphocytes in the sympathetic ganglia of BD patients who underwent sympathectomy as a pain management protocol were demonstrated. 4 Sympathetic ganglia inflammation may explain the generalized vasoconstriction in BD patients and the early-stage neurological manifestation of BD, including cold sensation, numbness, and paraesthesia. 4 However, it is not known if the pathological changes in the sympathetic ganglia are also responsible for the circadian rhythmic nature of the pain or its burning quality. In this case report, we found that the vasa-nervorum of the sural nerve had the pathological changes usually observed in BD, 5 including inflammation and proliferation of endothelial cells. Notably, the inflammation was limited to the vasa-nervorum and did not extend to the nerve fascicles. Therefore, the inflammation of the vasanervorum individually might be responsible for the pain characteristic of BD, such as localized pain, or the circadian rhythmic burning pain.
Conclusion
Our findings could provide a clue to taking the approach of managing pain in BD as if it were vasculitis neuropathy. In addition, our findings could indicate that BD is a systemic vasculitis of microcirculation and, hence, a different treatment approach for BD might be needed in addition to antithrombotic and vasodilator medications.
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